Abstract. S-1 adjuvant chemotherapy is an outpatient treatment for gastric cancer. To evaluate the role of the pharmacist outpatient service in increasing medication adherence and reducing adverse events associated with S-1, the present study retrospectively analyzed prescription recommendations from pharmacists to physicians and the persistence rate of S-1 adjuvant chemotherapy use in patients with gastric cancer. A total of 40 subjects who utilized the pharmacist outpatient service between November 2014 and March 2016 comprised the pharmacist group; and 94 patients who underwent S-1 adjuvant chemotherapy for gastric cancer between September 2012 and October 2014, but not as pharmacist outpatients, comprised the control group. Data on the prescription recommendations, persistence rate of S-1 adjuvant chemotherapy for 1 year and relative dose intensity were collected. The number of interventions and consultations for the pharmacist outpatient group were 40 and 644, respectively. Prescription recommendations regarding dosage, drug administration interval, and supportive therapy were provided in 62, 15 and 132 cases, respectively. The prescription proposal acceptance rate was 92.5%. The persistence rate of S-1 adjuvant chemotherapy for 1 year was significantly higher in the pharmacist group (82.5%) compared with the control group (39.4%; P<0.0001). The discontinuation rate due to adverse events was significantly lower in the pharmacist group (7.5%) compared with the control group (31.9%; P= 0.0015). In subjects who completed S-1 adjuvant chemotherapy, the relative dose intensities in the control and pharmacist groups were 82.9 and 84.7%, respectively. In conclusion, the continued pharmaceutical intervention ensured a high persistence rate of S-1 adjuvant chemotherapy.
Introduction
Tegafur-gimeracil-oteracil potassium (S-1) adjuvant chemotherapy is administered for stage II/III gastric cancer based on the results of the Adjuvant Chemotherapy Trial of TS-1 for Gastric Cancer (ACTS-GC) (1) . In the stratified survival analysis of the ACTS-GC trial, S-1 administration for 1 year at >70% of the planned dose resulted in improved survival, demonstrating the effectiveness of this treatment in patients with gastric cancer (1) . Therefore, the dosage and duration of S-1 treatment may influence patient prognosis, suggesting that medication adherence and continuity of treatment are crucial. However, S-1 continuation is sometimes challenging due to adverse events (AEs) such as leukopenia, neutropenia, anorexia, nausea, vomiting, diarrhea and stomatitis (2) (3) (4) . In particular, AEs such as malaise and anorexia may reduce patient quality of life (QOL), which may significantly reduce medication adherence, leading to subsequent medication rejection (4) . S-1 adjuvant chemotherapy for gastric cancer is currently used as an outpatient treatment (5) . Outpatients manage their own medications and any associated AEs (5, 6) . Therefore, it is necessary to establish a support system for cancer outpatients to provide safe and secure drug therapy.
Patients with gastric cancer with serum albumin levels <3.5 g/dl and creatinine clearance <80 ml/min typically require a reduced dose or discontinuation of S-1 adjuvant chemotherapy (3) . In addition, patients who discontinued S-1 or required dosage reductions due to AEs exhibited weight loss, which was due to decreased postoperative oral intake of food (3). Kawabata et al (7) reported that decreases in body mass index (BMI) during treatment may affect treatment continuity. Therefore, decreased BMI is a useful indicator for designing timely and appropriate patient guidance and prescription design support systems during S-1 adjuvant chemotherapy.
For cancer chemotherapy, hospital pharmacists in medical teams are part of a pharmacist outpatient service, and such services have improved the quality of medical care and patient QOL (8) (9) (10) (11) (12) (13) (14) (15) . However, few facilities have offered pharmacist outpatient services to patients undergoing monotherapy with oral anti-cancer agents prior to examination by a physician. Therefore, reports on the usefulness of these services are limited (10, 14) .
A pharmacist outpatient service (pharmacist interviews before medical examinations) for patients undergoing S-1 adjuvant chemotherapy was launched at Ogaki Municipal Hospital (Ogaki-shi, Japan) in November 2014. In the present study, the effect of this service on the persistence rate of S-1 adjuvant chemotherapy over the course of a year was assessed.
Patients and methods
Study population. Between September 2012 and March 2016, the records of patients undergoing S-1 adjuvant chemotherapy for gastric cancer were evaluated. Initially, 146 subjects were included. The pharmacist outpatient service group (PG) included 40 subjects who attended the pharmacist outpatient service for S-1 adjuvant chemotherapy for gastric cancer between November 2014 and March 2016, whose records were examined retrospectively. As a control group (CG), the doctor and pharmacy service records of 94 subjects who received S-1 adjuvant chemotherapy for gastric cancer between September 2012 and October 2015 were examined retrospectively. For the CG, pharmacist guidance was not performed. In the present study, the CG and PG targeted subjects who started and completed S-1 postoperative adjuvant chemotherapy between the respective periods, and patients for whom outpatient pharmacists were introduced partway through their treatment were excluded from the study. Additionally, those who were transferred to another hospital during the treatment period were excluded. Oncology pharmacists were responsible for validation of patients' conditions. Patient characteristics of the two groups are presented in Table I . Personal information was protected in the aggregated data. This study received approval from the Institutional Review Board of Ogaki Municipal Hospital (no. 20150303-5), and all patients provided informed consent.
Pharmacist outpatient service. A flowchart of the pharmacist outpatient service is presented in Fig. 1 . The pharmacist outpatient service was practiced on weekdays between the h of 08:15 and 17:15 between November 2014 and March 2016. On the first visit, oncology pharmacists, certified by the Japanese Society of Pharmaceutical Health Care and Sciences, provided guidance to patients after a treatment plan including the therapeutic agent and dose was formulated. If treatment plan changes were desired, then inquiries with the treating physician were required. From the second visit onwards, following blood collection, pharmacists interviewed patients in the outpatient drug administration guidance room. During these interviews, adherence status was ascertained, and AEs resulting from the S-1 therapy were monitored (16) . Additionally, pharmacy service records were created, prescription recommendations including those related to dosage and drug administration were issued, and supportive care (drug therapy for AEs such as nausea and diarrhea) was provided. An S-1 management table template was used to monitor AEs as described previously (16) .
During medical examinations, physicians utilized the pharmacy service records (prescription proposal and AE monitoring results). While at home, patients were able to seek medical advice from pharmacists via telephone consultation during the pharmacist outpatient service opening times. Data collection. Data on prescription recommendations (prescription dose, administration interval and supportive therapy) were retrieved from the drug management guidance records of the PG. In addition, the prescription proposal acceptance rate was calculated. The persistence rate of S-1 adjuvant chemotherapy over the course of a year and the reasons for discontinuation due to AEs were extracted from electronic charts. The AEs were retrospectively compared between the CG and PG. Data regarding specific AEs were extracted from the electronic charts and pharmacy service records. The severity of AEs was classified according to the Common Terminology Criteria for Adverse Events, version 4.0 (17). For subjects who completed S-1 adjuvant chemotherapy, the relative dose intensities (RDIs) of the CG and PG were compared. RDI is an index for evaluating the therapeutic intensity of the actual dose against the standard dose as follows:
RDI (%)=dose intensity (DI) calculated from the actual dose/DI of the standard dose x100. (Table I) . A χ 2 test was used to compare rates between the groups (data depicted in the PG and CG). One-way analysis of variance was conducted to determine the significance of differences in RDIs between the groups. All statistical analyses were performed using JMP 8 software (SAS Institute Inc., Cary, NC, USA). For all statistical tests, P<0.05 was considered to indicate a statistically significant difference.
Results

Operational performance of the pharmacist outpatient service (prescription recommendations).
The patient characteristics are summarized in Table I . Details of the prescription recommendations issued by the pharmacist outpatient service as well as the prescription proposal acceptance rates, between November 2014 and March 2016, are presented in Table II . Supportive therapy was recommended when there was a need to reduce AEs in order to continue S-1 treatment. The majority of prescription recommendations for supportive care included nutritional supplements, anti-diarrheal, stomatitis remedies and anti-emetics. Telephone consultations regarding skin disorders and diarrhea were performed in 44 cases. The prescription proposal acceptance rate was 92.5% (198/214 cases).
Persistence rate and reasons for discontinuation of S-1 adjuvant chemotherapy. The persistence rate of S-1 adjuvant chemotherapy over the course of a year and the reasons for discontinuation are presented in Table III . The persistence rate of S-1 adjuvant chemotherapy in the PG was significantly higher compared with that in the CG (P<0.0001). In addition, the rate of discontinuation due to AEs was significantly lower in the PG compared with the CG (P= 0.0015). The specific AEs resulting in discontinuation of S-1 adjuvant chemotherapy are listed in Table IV . The most common reasons for AE-associated discontinuations in the CG were malaise, anorexia, diarrhea and myelosuppression. The most common reasons for AE-associated discontinuations in the PG were malaise, myelosuppression, diarrhea and stomatitis.
The pattern of RDIs. In subjects who completed S-1 adjuvant chemotherapy, the RDIs for the CG and PG were not significantly different at 82.9 and 84.7%, respectively (P=0.2942; Fig. 2) .
Frequency of AEs. The frequencies of AEs in all patients are presented in Table V . There was a significant difference in the incidence of neutropenia, with that in the CG being greater than that in the PG (P=0.0462). The frequencies of AEs in patients who completed the treatment are presented in Table VI . The incidences of leukopenia, neutropenia, aspartate and alanine transaminase increases and total bilirubin increases were greater in the CG compared with the PG (P=0.0311, <0.0001, 0.0025 and 0.0219, 
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CG, control group; PG, pharmacist outpatient clinic group. Table III . Persistence rate of S-1 adjuvant chemotherapy over the course of a year. Relative dose intensities between the two groups. In subjects who completed S-1 adjuvant chemotherapy, the RDIs in the CG and PG were 82.9 and 84.7%, respectively (P= 0.2942). RDI, relative dose intensity; CG, control group; PG, patient group. respectively). By contrast, the incidences of rash and stomatitis were greater in the PG compared with the CG (P=0.0271 and 0.0085, respectively).
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Discussion
In the present study, continued pharmaceutical intervention resulted in a high persistence rate of S-1 adjuvant chemotherapy over the course of a year and a high completion rate. The increase in persistence and completion rates in the PG may be considered the result of a reduction in discontinuation due to AEs. Prior to intervention, treatment withdrawal due to malaise, anorexia, diarrhea, stomatitis and nausea was observed. However, following intervention, withdrawal due to AEs occurred in only 3 cases. However, in patients who completed S-1 adjuvant treatment, the incidence of rash and stomatitis were greater in the PG compared with the CG. The present study therefore considers that patients in the PG were able to continue S-1 adjuvant treatment with the appropriate therapy support from the pharmacist outpatient service. In previous studies, in patients who underwent adjuvant chemotherapy following complete tumor resection, patients discontinued adjuvant chemotherapy due to non-hematological toxicities (7) . In addition, in a previous case, 1 patient experienced anorexia, fatigue and diarrhea, and decided they no longer wished to undergo S-1 therapy (4). The findings of these previous studies and the present study suggest that patient guidance is paramount for adherence and continuation to S-1 therapy.
In a previous study, the associations between AEs and blood levels of fluorouracil (5-FU) at the time of S-1 administration were evaluated (18) . In addition, Van Groeningen et al (19) and Findlay et al (20) reported that the blood levels of 5-FU differed between patients with esophageal and gastric cancer. Patients with gastric cancer who are administered S-1 adjuvant chemotherapy have undergone gastric surgery, and therefore, may have difficulties with food intake, as has been previously reported (3) . Therefore, in the present study it was considered that absorption abnormalities may affect the blood concentration of the drug (3, 8) . In addition, weight loss due to a decrease in postoperative oral intake is likely to reduce muscle mass, which may also affect blood drug levels (21) (22) (23) (24) . Therefore, the concentration of drug in the blood would exceed the therapeutic index resulting in an increase in AEs, which may lead to subsequent non-adherence. In such cases, dose reductions have the potential to improve adherence. Therefore, in the Table V . Adverse events in all patients who underwent treatment. current study, the pharmacist outpatient service was utilized during the initial administration of S-1 to identify any patients requiring dose reductions due to possible eating difficulties or absorption problems. During chemotherapy with oral anti-cancer drugs, medication adherence is important. Direct associations between adherence in patients undergoing chemotherapy with oral anti-cancer agents and pharmacist-mediated provision of education on correct drug use and the avoidance of AEs have been reported (6, 10) . In the present study, the total prescription proposal acceptance rate was 92.5% (198/214 cases). Such a high rate indicates that pharmacists are able to appropriately evaluate the association between medication-related AEs and prescription recommendations. It is necessary to consider symptoms when assessing AEs associated with chemotherapeutic agents; however, a physician may not be able to provide adequate support during complicated outpatient examinations (8) . Pharmacists frequently have varying perspectives on the outpatient situation when proposing supportive care and evaluating therapeutic effects and AEs. Pharmacists interview patients about their lifestyle, physical condition and drug intake, obtaining a more holistic understanding of an individual's requirements. In addition, as medication experts, pharmacists have a greater understanding of medication adherence and AEs. Therefore, the present study hypothesizes that a pharmacist may be able to intervene in patient treatment, as they have a different viewpoint to that of the physician.
With regard to the results of the ACTS-GC study, the prognosis was superior in patients who continued S-1 adjuvant chemotherapy for at least 1 year (1). Furthermore, the prognosis was improved when the RDI was >70% (1) . In the present study, patients who were able to complete S-1 adjuvant chemotherapy following intervention by the pharmacist outpatient service had an RDI of >70%. Therefore, it is considered that treatment efficacy may be improved by a pharmacist outpatient service.
In the present study, the completion rate prior to intervention by the pharmacist outpatient service was very low (39.4%). However, continued pharmaceutical intervention (pharmacist outpatient service) resulted in a high persistence rate of S-1 adjuvant chemotherapy over the course of a year (82.5%), which was higher than those reported in previous studies, i.e., 64.2% (3) and 65.8% (1) . These results indicate the efficiency of the pharmacist outpatient service. Until recently, there was no guidance for S-1 treatment in Ogaki Municipal Hospital, and treatment was conducted at the discretion of the treating physician. In addition, efforts to improve the continuity of S-1 have been conducted in other facilities. Tatematsu et al (25) reported that the persistence rate of S-1 adjuvant chemotherapy over the course of a year improved from 75% (33/44 cases) to 92.3% (12/13 cases) during cooperation with out-of-hospital pharmacies. In addition, Kishimoto et al (26) reported that the persistence rate of S-1 adjuvant chemotherapy over the course of a year was 87.5% (14/16 cases) following liaisons in the clinical pathway. Therefore, the present study considers that AE monitoring and outpatient counseling were adversely affected in the previous studies that had lower persistence rates due to the lack of a pharmacist outpatient service. The present study had several limitations, such as the small number of cases and short follow-up time. However, to validate these findings, more cases are currently being accumulated with extended follow-up times.
In conclusion, the continued pharmaceutical intervention for S-1 adjuvant chemotherapy in patients with gastric cancer led to a reduction in AEs. Further, by feeding back information such as the occurrence of AEs to the physician, the persistence rate of S-1 adjuvant chemotherapy over the course of a year was significantly increased.
